Bioactive compounds, including phenols, flavonoids, and tannins, were quantified in leaves, stems and roots of methanol, n-butanol, diethyl ether and nhexane extracts of Ceratostigma plumbaginoides Bunge. (Plumbaginaceae) ornamental plants. The antioxidant capacity was measured by the DPPH and linoleic acid assays. The total bioactive compounds, as well as the antioxidant capacities, were the highest in the leaves compared with stems and roots. The methanolic, n-butanol, diethyl ether and n-hexane leaf extracts varied in their antibacterial and antifungal activities. In general, the most sensitive bacterium to leaf extracts was Bacillus cereus and the most resistant was Staphyllococcus aureus, while the most sensitive fungus was Aspergillus flavus and the most resistant one was Penicillium ochrochloron. As the methanolic leaf extract was the most active, it was subjected to column chromatography and two compounds were isolated and identified as 1 (5-hydroxy-2-methyl-1,4-naphthoquinone / plumbagin) and 2 (3,3'-biplumbagin). Compounds 1 and 2 showed the highest antibacterial and antifungal activities compared with other extracts tested. The MIC and MBC values for the most active compound 1 were in the range of 0.001 -0.09 and 0.004 -0.21 mg mL -1 , while MIC and MFC were determined as 0.001 -0.11 and 0.002 -0.19 mg mL -1 , respectively. The isolated compounds and leaf extracts showed also equal or higher antimicrobial activities compared with antibiotics/commercial reagents which indicate that the plant might be useful for drug development. This is the first report on the antibacterial and antifungal activities, as well as the antioxidant properties of the tested plant parts and isolated compounds. Table 3 : Minimum inhibitory (MIC) and fungicidal concentration (MFC) of different leaf extracts (mg mL -1 ) of Ceratostigma plumbaginoides and isolated compounds (± SD).
In recent years, there is growing interest in finding natural resources of phytochemicals that may replace synthetic antioxidants, antibacterial and antifungal drugs [1a-1c] . Plant natural products, such as phenols, in particular, have attracted a large number of researchers in searching for antioxidants [1d] . Phenols act as singlet oxygen quenchers, hydrogen donors and reducing agents. Several antioxidants have been found in plants including tannins, flavonoids, flavonols, proanthocyanidins and terpenoids [1e] .
Bacterial infections lead to various humans diseases such as listerosis caused by Listeria monocytogenes [2a] , septic arthritis and osteomyelitis by Staphylococcus aureus [2b] , and diarrhea by Bacillus cereus [2c] . Fungi also cause serious harm such as oral infections by Candida albicans [2d] , and accumulation of mycotoxins in grains by Aspergillus flavus, A. ochraceus and Penicillium, which may pose a threat of carcinogenic materials in stored food [2e] . The efficient control of bacterial and fungal infections is hampered by the development of increasing resistance of these microorganisms to drugs and antibiotics [2f], thus forcing researchers and drug development firms to search actively for alternative natural drugs [2g] . Medicinal plants contain several compounds that are considered as important sources of antimicrobial natural drugs. A large number of plants are used as raw materials that have medicinal properties [2h] , and these are found in all plant organs (leaves, shoots, flowers, fruits, seeds and roots) [1c] . Some members of the plant family Plumbaginaceae, such as Plumbago zeylanica and P. indica are well known for their antibacterial activities [3a,3b] . Also, other members of this family are used in traditional medicine for the treatment of swellings, gonorrhea, syphilis, wounds, tuberculosis, and rheumatic pain [3c,3d] . Some species of Ceratostigma, also Plumbaginaceae, have been well investigated for their bioactivities (e.g. C. willmottianum) [3e], but little is known about the antibacterial and antifungal activities of others, such as C. plumbaginoides Bunge, which is an ornamental ground cover plant commonly grown in temperate regions of Africa and Asia.
In the present study we aimed to determine and isolate the bioactive compounds in different organs of C. plumbaginoides and investigate the antimicrobial activities of these compounds against a wide spectrum of micro-organisms. Leaf, stem and root extracts showed high to low antioxidant capacity, as found in DPPH and linoleic acid assays. The antioxidant activity values ranged from 81.6 to 43.2% and from 88.2 to 48.3%, in the DPPH and linoleic acid assays, respectively (Table 1 ). In general, leaf extracts showed the highest values of antioxidant capacities in both assays, and also the methanolic extracts occupied the highest rank regarding the antioxidant composition. The phenolic contents of leaf extracts were the highest, compared with stem and root extracts, also the methanolic extracts showed the highest contents of phenols. Similar to phenols, the flavonoids and tannins followed a parallel pattern and the leaves showed also the highest contents of flavonoids and tannin. The high phenolic, flavonoid and tannin contents of the methanolic extracts (4.9, 0.7 and 0.3 mg g -1 ) were associated with high antioxidant activities found in leaf extracts compared with other plant parts, which is in agreement with previous reports on several plants [3e-3h]. As leaf extracts showed the highest contents of phenols, flavonoids and tannins, hence they were screened for their antibacterial and antifungal activities. The antibacterial activities, expressed as MIC and MBC, were in the range of 0.07 -0.28 and 0.14 -0.51 mg mL -1 , respectively. The lowest values were obtained for the methanol and n-butanol leaf extracts compared with the diethyl ether and n-hexane extracts ( Table 2 ). In general, the most sensitive bacterium was Bacillus cereus and the most resistant Staphylococcus aureus. The activities of methanolic and n-butanol extracts were comparable with those of antibiotics, which indicate that these extracts might be useful for drug development.
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The antifungal activities of leaf extracts varied in their MIC and MFC values (Table 3) , which were in the range of 0.09 -0.35 and 0.17 -0.49 mg mL -1 , respectively. In general, the most sensitive fungus was Aspergillus flavus and the most resistant was Penicillium ochrochloron. The antifungal activities of the methanolic extracts were the highest compared with n-butanol, diethyl ether and n-hexane. The MIC and MFC of the methanolic extracts were in the range of 0.09 -0.18 mg mL -1 and from 0.17 -0.26 mg mL -1 , respectively. From our knowledge, this is the first study exploring the bioactivity of C. plumbaginoides extracts.
As the leaf methanolic extracts of C. plumbaginoides were the most active in our experiments, as well as having the highest total content of biologically active compounds determined, it was subjected to further separation. Two known compounds were isolated and identified with the aid of spectroscopic data and literature. . Results obtained for P. aeruginosa are in agreement with those presented in our study. However, according to our knowledge, the wide spectrum of antibacterial activities for compounds 1 and 2 has not been reported before. It is also worth emphasizing that the antibacterial activity of the isolated compounds was similar, or even higher, than standard references drugs (Table 2) .
Compounds 1 and 2 showed also the highest antifungal activities compared with all leaf extracts. Compound 1 also had higher antifungal activities than compound 2, and the MIC and MFC values were in the range of 0.001 -0.11 and 0.002 -0.19 mg mL -1 , respectively. Similar strength of antifungal activities of compound 1, isolated from the bark of Diospyros crassiflora (Ebenaceae), against C. albicans, A. flavus and A. niger have been described previously [4h] . Plumbagin also showed very low MIC values against C. albicans, Issatchenkia orientalis, and Trichophyton mentagrophytes, ranging from 2 to 31 g mL -1 [4i].
The low values of MIC and MFC/MBC in the antifungal and antibacterial activities obtained for compounds 1 and 2, compared with leaf extracts, indicates that the strong activities of the leaf extracts might be attributed to the presence of those two naphthoquinones. The microbial activity described in this study associates with the strong antioxidant activities of the methanolic leaf extracts. This assumption might be supported by the known antioxidant activities reported for plumbagin and others due to the presence of 5-hydroxyl and 2-methyl functional groups [4j].
This is the first report on the antibacterial and antifungal activities, as well as the antioxidant activities of plant parts and isolated compounds of C. plumbaginoides, which will assist in future development of natural origin drugs. The antioxidant activities of the leaf extracts associated with the presence of plumbagin and 3,3'-biplumbagin, which showed strong antibacterial and antifungal properities against a wide spectrum of microoganisms. The study indicates that C. plumbaginoides is a possible source of natural antimicrobial compounds that may have an important role in drug development. 
Chemicals and cell cultures:
Analytical/HPLC grade chemicals of diethyl ether, methanol, n-butanol and n-hexane were obtained from Sigma Aldrich, Canada. Fungi and bacteria were obtained from Henry farms Laboratories, Guelph, Canada.
Preparation of extracts:
Leaf, stem and root extracts were obtained from air-dried ground plant material (30 g). The samples were extracted 3 times (30 min each) on the water bath under reflux with methanol (95%). Each plant part extract was filtered, combined and evaporated to dryness under vacuum at 40°C. The residues of 1.1, 1.2, and 1.4 g of leaves, stems and roots were subjected to successive partitioning using n-butanol, diethyl ether and n-hexane. The extracts were filtered and concentrated under reduced pressure.
Isolation of biological compounds:
Isolation of 2 compounds was performed using 30 g of the methanolic (95%) extracts of leaves. The silica gel column (10 cm in diameter and 6 cm in height) was eluted by 3 solvents: n-hexane and mixtures of n-hexane and ethyl acetate (10:0.2, v/v, 8:1 v/v and 8:2, v/v). Five fractions were produced and subjected to antibacterial activity assay using the MIC method. Two active fractions were found; the first was crystalized using methanol and yielded compound 1 (90 mg). The second active fraction was rechromatographed over silica gel 60 using mixtures of n-hexane-ethyl acetate as eluent with a continuous gradient to obtain compound 2 (70 mg). The compounds were identified by spectroscopic, including IR, 1 H NMR, and 13 C NMR, and mass spectrometric (Finnigan SSQ7000, 70 ev) methods
Antioxidant capacity:
To determine the free radical scavenging activity of the obtained extracts (Table 1) , 2,2′diphenypicrylhydrazyl (DPPH) method was employed [3f] (absorbance at 517 nm), as well as the β-carotene-linoleic acid assay [24] . The β-carotene-linoleic acid was prepared by dissolving 0.5 mg β-carotene in 1 mL of chloroform, 25 μL linoleic acid and 200 mg Tween 40. Then the chloroform was removed by vacuum evaporation, and 100 mL of distilled water saturated with oxygen was added (30 min 100 mL min -1 ), then shaken vigorously. An amount of 2.5 mL of the mixture was mixed with 350 μL of a known concentration of liquid extract, incubated for 2 days at room temperature and finally the absorbance was measured at 470 nm. The antioxidant activity was expressed as percentage of inhibition in both methods. A blank was prepared in the same manner as the samples and the samples' antioxidant activities were compared with the blank. All experiments were repeated twice in triplicates.
Total phenolic, flavonoid and tannin contents determination:
To determine the phenolic contents of plant extracts, a Folin-Ciocalteau colorimetric method was used. Gallic acid was used as the reference and the results were expressed as gallic acid equivalents (mg GAE g -1 ext.) [4k,4l] . The total flavonoids contents were determined following the pharmacopoeia method [5a] , with modifications [3h].Total tannins in plant extracts were determined following a gravimetric method [5b], with modifications [3h]. All experiments were repeated twice in triplicates.
Antibacterial activities:
Gram-positive and Gram-negative bacteria were used for the analyses. The Gram-positive bacteria were Listeria monocytogenes (clinical isolate), Staphylococcus aureus {ATCC (American type culture collection) 6538}, Bacillus cereus (clinical isolate), and Micrococcus flavus (ATCC 10240). The Gram-negative bacteria were Pseudomonas aeruginosa (ATCC 27853) and Escherichia coli (ATCC 35210). To determine the minimum inhibitory (MIC) and minimum bactericidal (MBC) concentrations, the microdilution method [5c] was used. To adjust the concentration of bacteria, sterile saline was used to reach a concentration of 1.0 × 10 5 CFU mL -1 ; then the suspension was stored at 4°C. A screen for contamination was performed by culturing on a solid medium and was followed by leaf extracts experiments only, since leaf extracts showed the highest phenolic composition. Methanol, n-butanol, diethyl ether and n-hexane leaf extracts, as well as isolated compounds, were added to 100 μL Triptic Soy broth (TSB) containing a bacterial inoculum (1.0 × 10 4 CFU per well) to reach the desired concentration in a microtitre plate and to determine the MICs and MBCs. The microplates were incubated for one day at 37°C in a rotary shaker. The MIC was defined as the lowest concentration without visible growth (using a microscope). The MBC was defined as the lowest concentration showing no visible growth, indicating killing of 99.5% of the inoculum. To measure the MIC and MBC, serial subcultivations of 2 μL into microtitre plates containing 100 μL of TSB for each well and incubation for 24 h was performed. A microplate manager was used to determine the optical density at 655 nm. All experiments were in triplicates and repeated 3 times. Positive controls {streptomycin (SPM) and ampicillin (AMP), 1 mg mL -1 , Sigma Aldrich, Canada} and negative control (5% DMSO) were used.
Antifungal activities:
To examine the antifungal activities of leaf extracts, several fungi were used including Candida albicans (ATCC 26555), Penicillium funiculosum (ATCC 56755), P. ochrochloron (ATCC 48663), Aspergillus flavus (ATCC 9643), A. ochraceus (ATCC 12066), and A. niger (ATCC 6275). Fungal cultures were sub-cultured every month following storage at 4°C. The minimum inhibitory (MIC) and minimum fungicidal (MFC) concentrations were determined using the microdilution method [5c] and a spore suspension concentration of 1.0 × 10 5 in a serial dilution in 96-well microtiter plates. Methanol, n-butanol, diethyl ether and n-hexane leaf extracts, and isolated compounds were diluted to the desired concentrations in 5% DMSO and added to microplates containing the broth Malt medium mixed with inoculum and incubated for 72 h at 28°C on a rotary shaker. MIC was defined as the lowest concentration that inhibits fungal growth at the binocular microscope level. MFC was defined as the lowest concentration with no visible growth indicating 99.5% killing of the original inoculum. The MIC was calculated by serial sub-cultivations of 2 µL of different leaf extracts dissolved in a medium, then incubated for 72 h in microtiter plates that contain 100 µL broth and inoculum at 28°C. All experiments were performed in triplicates and repeated twice. Positive controls were used such as fluconazole (FLZ) and ketoconazole (KLZ) (1-3500 µg mL -1 , Sigma Aldrich, Canada).
